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Setup errors of kilo-voltage CBCT image-guided radiotherapy for nasopharyngeal carcinoma

under different registration conditions

ZHANG Guogqian, ZHANG Shuxu, ZENG Qingxing, LUO Songgui, LI Ping, YANG Lu, WANG Linjing, ZHOU Lu, WANG Ruihao,
LIAO Yuliang
Department of Radiotherapy, Cancer Hospital of Guangzhou Medical University, Guangzhou 510095, China

Abstract: Objective To compare the results obtained by different registration methods in the kilo-voltage cone-beam computed
tomography (CBCT) image-guided radiotherapy for nasopharyngeal carcinoma (NPC) for providing a reference for setup
correction. Methods The CBCT images of 100 NPC patients who were treated in the Cancer Hospital of Guangzhou Medical
University between May 2018 and August 2019 were analyzed retrospectively. Two registration areas, namely large area (the whole
scanning area) and small area (planning target volume), and two registration algorithms, namely bone and grey registration
algorithms, were adopted in the study. According to different combinations of the registration area and different registration
algorithms, 4 registration methods, namely large area and bone registration (LB), large area and grey registration (LG), small area
and bone registration (SB), and small area and grey registration (SG), were used for kilo-voltage CBCT image registration. The
translation errors and rotation errors were analyzed. Results The average translation error range of the isocenter after the registration
with 4 different methods was -0.29~1.07 mm, and the average rotation error ranged from -0.1° to 0.61°. No significant differences
were found between LB and SB in the translation and rotation errors (P=0.05-0.82), except for the translation error in Y direction
(P=0.00); and there was no statistical difference between LG and SG in all translation and rotation errors (P=0.14-0.64). Moreover,
significant differences were found between LG and LB in the translation and rotation errors (P=0.00-0.02), except for the translation

and rotation errors in Y direction (P=0.67, 0.57); and the comparison between SB and SG showed that there were significant
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differences in translation and rotation errors (P=0.00-0.02), except for the translation errors in X direction and the rotation error

Y direction (P=0.36, 0.72). The result of Pearson correlation analysis revealed that there were positive correlations between any

two registration methods in translation and rotation errors in X, Y and Z directions (R=0.48-0.98, P<0.01). With the registration
of LG and SG, the 95% limits of agreement (LoA) of translation errors in X, Y and Z directions was [ 1.19, -1.25], [0.95, -1.01],
[1.13,-1.31], and that of the rotation errors was [0.80, -0.85], [0.69, -0.60], [ 1.02, -1.13]. The setup error was consistent, according

to the 2 mm and 2° boundary standards. Conclusion When kilo-voltage CBCT is used for automatic image registration in image-

guided radiotherapy for NPC, the registration results in three-dimensional directions may be different due to different registration

modes (bone or grey registration); and with the full scanning area or planning target volume as registration area, the registration

results are similar.
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Tab.2 Pearson correlation analysis of set—up errors between
different registration modes in 100 patients with

nasopharyngeal carcinoma
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Fig.1 Bland—Altman plots of translational and rotational set—up errors between LG and SG

B P bR 2 0 B BME 5~7 . ASHIF AR A L T R IX
T4 100 B VG e I DI, o B P C VY Y 7 17 °F
iR FA W22 7 (P=0.00) 41, A A B A
R T 1 =4 Jr ) L, VR e v XA S
FIBE 5 15 22 19 6 W 3 1 2% 53 (P=0.05~0.82) , &/~ [T
7HE DX I 42 A DXl 4 A TR o) R o 5 R 22 R AN
o BARE LR ARSI AR A ] L (H %
SERE LaRAFGE IR 7, AR H Sk R T o X RN 250 HE
1~4 T AE B B S DX, AR A Y R B 0 A Al
A8 B XU R, AL AR B i 2, HUAS 4
V1 22 55 5L T B X A5 Y %) TRE O 2 SR AR O, £ 9
IGRT i A2 Ho 240 XA A FCHE X B AT A 2B e
BF, 2 DA AN T 7 DX 8 P A 1 5 4 1 O R AR A
B A A N A S A, A 2 T
3 P RN EGUME , PR I A X A 1R 25 45 SR A B
(22 5 o R FH WK B2 e o B, A EL I X4 41 4 4 T 3
TR ¢ B R TIE IR A X 15 25 1 I (. 25 52

Xof T e o R o5 25 5 i A LA, R R AT
XT 24 {5 S WK Jes IMRT S8 35 560 IR YT A W1 IRAE ALY
TR CBCT EUG ik ZR BCE oM, 45 R B Bk 5
IR EE B 7 =X R X o PR 254 XY L Z 07 ) |
PRI (P=0.00~0.01) , # X H 0o JiE 55 15 22 76 X 7 [1]
AR (P=0.00),Y F1 Z J5 M AHIE (P=0.05.0.62) . 1%
22X H <2 mm PIREZE S0 A0 7 10 L B8 T Y 77 ) 1 e
TR 2 K B WCHE T SRR T T S A TR
TG 1R 25 K B B e | TR O . AMER P LG S

LB AH LU BR Y 77 [ 14 7B R 5 152 22 TC i 35 P 22 57
(P=0.67, 0.57) 4 , KX AR 2Z A B EEE R
(P=0.00~0.02) . SB 5 SG # H B& X J5 1] °F 5% i%
ZEFY J7 ) Jid 5 1R 25 T B M 25 5 (P=0.36, 0.72)
Ab, AR T A R 22 AT 1B 2 125 57 (0.00~0.02) , $27R
IGRT P 45 5 1T il PR B 1 8 32 T o =X A A [ i
H2ER . A, TR 254 XHE <2 mm BX 2° B HE R 4 A
D7, BRY 7 [ SE R iR 2 SB>SG, i 1% 22 LB>LG,
LA VB R 7 108 25 I 8 T v 2 s 1 s S T R
W ZEERS LIRS 45 R, T 25 T RS K
7 [ 4 B EMRCR A I 2 R R BC v () 45 & 55
HA R 2R A2 A

AT 45 AR 7R Sk S0 1A v 45 2R ] R R R
Pl B B HC o =S TR I A 25900 0 T o X S e %
B X B 4 Y PR P P M SR 25 SRR B[R], 4
ZH T ¥ 7 2 A0 AH S M 28 Pearson AH 5223 #T , = 4 7 )
TR AR R R FARDG(R=0.48~0.98,
P<0.01) , Ui B B 176 FH T IGRT BCvERT 15 2] A9 07 15
Z RS A — 80, SR AR, LR BUE
KN EATHRXS D 4 ZHBC v T 2 — 350 48 Bland-
Altman PR3, #5418 2 mm A1 2° B AR E LG F1SG
HEATECERS PO R 22 B R — 3k . X
FHEARAE B A R AR — B B Y
ER R LiRgEiE

WAk, BEAR R AFE I T A B Sk SRR —
47 [ fm AL B AE T CBCT KR 51 3 & 4o |-tk Al



3 ,AF.

CBCT - 287 -

T T S RS R L L8 A O Sk SRR
JKPEBCHERE XY J7 0] iR 2570 Gi i T2 22 5 (P=0.00,
0.00) , 1} Z J7 iR 22 LG T 25 57 (P=0.54) . KJE
Pic FE A R G T B PR G o A R ST R X T
182 R 5 BL TS R B Sl BC RS B RS2 i T TR
T o B VHE S Rl 20 3910 oA oA HREE | 25 2 55 b 25 v ] A
F I 22 55 -E 3, J2 IR 5058 1 mm AT 3 mm. 455RER
B AN )2 SR MR A TC o e 25 78 34N ] L i 25 5+ 34
HA G55 L (P=0.00) ;3 mm )2 5 PR F B o i
Pl A 422007 TR 22 78 34N J7 ) L ) 22 5 R R 2 LA 4t
RN (P=0.00) . L aRAFSY R T AR KA
B TG B R AT B 438, S AR ST T A AR 1R 25
R 25 RIHEATIE . Zhang ZE 55T TG ]F CT-On-
Vision F GE1E 2 1F 5 MR i 73 U7 438 001 152 26 Hh (4R
L Z A58 AN R 2 TR CT BSR4 5% 07
BRI R R AR BIRAE Y Jr i b 3 mm () EER
A )2 RS R PR A o O e A R 2 S A 3
() o N TR N D30T 5 7 15 2 1) 52 ) 7 TG, 4% P Bty
AU AL T 20 5 i R VR SR PR RT  H
BB AN CBCT 5135007, it R RS A L
HERAF 4T CBCT B H ZhBCHE , R 3 44 BREL A DY
AT T Bh UG BC e, L FEH 0 B S5 AR L
BPECAE R ZE N Ol . 25 R A HT T B e i i 22
AR T 5 BE 4R (P<0.05) , WAK T A 3h i iR 22
(P<0.05). k5% 2 W EIGCR 4L 1 2 R DL & R
BC R & 10 25 SR 2o R 1R 25 3 B )

FENG IR T AR VAR 245 47N A Sk 30035 DT i
XER A BERE T, WAL S TR X S e 2 RS X
VB A [ R B AR AT LRSS R ol F2 . ARBIFSE P 2 3k
PETTRIHE DX AR Ry Be ofE DX SR, A8 T IR IR 5
B K O B AR T XN, B = e )
G0 T SO DX %) P v DX A T ) T A R 9
() IGRT JE R 170 o BE ARk IGRT WME L 4 72 1 3k 20
TS b T AV R AR E 5, R BEEER pU SiE
2 Qo S | LR [ REN N E TR | XA e e = o
J5 G o 2 1B B AR 5 A B 5 R A HE DX A
T, AR A 45 g B o] R 181 1 B bR R . AR D
E 7 W e % L, DAL Sk 290500 e g 7 78 R0 i L P 45
) (A7 AR OT T, HLRE A AL W, 25 e P B
Bc vt ; W2 Clipbox 45 BH i AR I X 6, P v 4% 2 5 51
PRet RAHZZ 8K, i 45 & F s BC s 24 1F , an A
RE 2] IE 75 FHTEA .

BEAE Kok T A 1 22 O AL B, 45 0SB R LS
BUIMTA 2250 o ) MBS R 2 B e I e B2 B Jse 7 B
PSRk Synergy H R NN 5 AR AL B /S HEEIRIT IR,

ANEA H S RE e RO IR 22 R RE 1, D e o=
ZEWRIEIFRIIATAEH R . X T R fieshie 2 A
B IE RE 7 A S0 22 B (A 2R A — B (208
3°) , 24k H (R R U 5 R4 o AR Sk AR
{37 R AR R A BE e e L R BB AN BE 2L, A1
SC R e B 1R 2 2 i IR DX R A 6 R AR
QA B B R e B I AR PR AR R
(4 — Ut BEAE LB Sk |7 1) b, ik 8 1 5.6°0 fESEBR
A rp R TR DR SRR AL A S e A R A R e
AR A BT D00, IO 7 5 s D0 D R A P4 U 48 A6 o G ik
FTONIE o 24 % A S A 22 i W) v RE 75 28 kG R o
e AR [ 5 2

AW TEARAFAE—E AR AT AT A B
Y RA AL G U I IR [ 5 A7 (9, 2R At
AR 18] 5 2 (N S S 8 L S il R T I 45 Sk
HUF 205 IR AL R ZE R I A — R YRR
2 SFE TSN R AR AR ST B bR v E TR AL, R Sk 3
SE Y TR H O B MR R R AT AL 18] SE ROR AR, il
Je: A DAC 3 S000 DX I A 11 58 28R . BRAE A Pl 2k 3
TR O B B O RIS Sk BUR AN A A
2 77 AHEPF TS IEAERE T

[5% k]

(1] SR, LR BE5] F4007 09 20 K [T). P S st h 98 5 24
&, 2006, 15(2): 132-135.

DAI J R, HU Y M. Realization of image guided radiotherapy[J].
Chinese Journal Radiation Oncololy, 2006, 15(2): 132-135.

[2] &, 0 G, 74k, F . BT ST AR TEES T R ETRIE

Fe R EEAGARREEI]L FERKE L, 2019, 57(13):
163-168.
ZHANG L, LIU L Y, FANG M, et al. Advances in research on
quality assurance and quality control of cancer treatment under
image guided radiotherapy [J]. China Modern Doctor, 2019, 57
(13): 163-168.

[3] GAIX, WEIY, TAO H, et al. Clinical study of the time of repeated
computed tomography and replanning for patients with
nasopharyngeal carcinomal J]. Oncotarget, 2017, 8(16): 27529-27540.

[4] MCBAIN C A, HENRY A M, SYKES J, et al. X-ray volumetric
imaging in image-guided radiotherapy: the new standard in on-
treatment imaging [J]. Int J Radiat Oncol Biol Phys, 2006, 64(2):
625-634.

[5] BROCK K K, DAWSON L A, SHARPE M B, et al. Feasibility of a
novel deformable image registration technique to facilitate
classification, targeting, and monitoring of tumor and normal tissue
[J]. Int J Radiat Oncol Biol Phys, 2006, 64(4): 1245-1254.

[6] Ff, Takde, Shr 4 R CT BRECE L F B R AT P g
FBAEiR 2547 [T A EFHF, 2019, 18(6): 51-53.

NIE J Z, WANG Z H, BAO H. Analysis of the position error of cone-
beam CT image registration in the radiotherapy of nasopharyngeal
carcinoma[ J |. Zhejiang Medical Education, 2019, 18(6): 51-53.

[7] e, RS, Bk, 5. BARECE &2 K 348 CBCT 5] F4%
T Em[T]. F B 2 &, 2016, 25(4): 391-394.
HUANG B T, ZHANG D D, PENG Y L, et al. Impacts of registration



- 288 -

N e

6 37%:

parameters on accuracy of cone-beam computed tomography image-
guided head and neck radiotherapy[ J . Chinese Journal of Radiation
Oncology, 2016, 25(4): 391-394.

[8] DAWSON L A, MENARD C. Imaging in radiation oncology: a
perspective[ J]. Oncologist, 2010, 15(4): 338-349.

[9] &, 0, 455 . AT XVI 2 5483 o0 & 44210k £ 77
& JR B B AT R[], A R DA G IR, 2018, 22(5): 543-545.
JIN' S P, LI M, CHU K Y. The cause and control methods of setup error
in nasopharyngeal carcinoma patient based on XVI system [J].
Biomedical Engineering and Clinial Medicine, 2018, 22(5): 543-545.

[10] ZFwe 2, B2, 444=90, % . TR CBCT 31§ 5B IMRT F =
) A B 7y KGAR [T, P Aah i 52 2 &, 2014, 23(4): 340-343.
LI XY, ZHOU J D, ZHONG R M, et al. Compare the registration
results with different registration methods in cone beam CT guided
radiotherapy for nasopharyngeal carcinomal[J]. Chinese Journal of
Radiation Oncology, 2014, 23(4): 340-343.

(IL] A% 77 9, SRR, A, 4. 5 A TR B4R TS R CT A2 578 & A
TRAST PR R B KRG IRAIR £ [T]. A E 2 2 &, 2016, 38(6):
134-136.

FU W K, ZOU Q F, LUI L B, et al. The study of setup errors with
different registration region by kilo-voltage CBCT in nasopharyngeal
carcinomal J . Fujian Medical Journal, 2016, 38(6): 134-136.

[12] ZHONG R, SONG Y, YAN Y, et al. Analysis of which local set-up

errors can be covered by a 5-mm margin for cone-beam CT-guided

radiotherapy for nasopharyngeal carcinomalJ]. Brit J Radiol, 2018,

91(1088): 20160849.

A, WA, YL, SRR AMR B 5 AR A A Sk

HRA ST A B AR A VAR [T, A A I 9 5 2 &, 2015, 24

(2): 196-199.

XU S K, YAO W Y, HU J, et al. The research of accuracy

immobilized using individualized polyurethane scaling agent

—
—_
w

[l

compared to positioning foam with standard plastics pillow in the
radiotherapy of nasopharyngeal carcinoma[J]. Chinese Journal of
Radiation Oncology, 2015, 24(2): 196-199.

TR, FNK, F L F . BRI FHT R CT 53R CT R A
e ofe 77 oAk AT ST ). W S I 98 52 22 &, 2014, 23(2): 156-160.
HUANG B T, DENG X W, LUO G W, et al. Accuracy study of

[14

[N

different registration methods for cone beam CT and planning CT in
image-guided radiation therapy [J]. Chinese Journal of Radiation
Oncology, 2014, 23(2): 156-160.

[15] ZHANG S, ZHOU X, ZHANG Q, et al. Analysis of setup error based
on CTVision for nasopharyngeal carcinoma during IGRT[J]. J Appl
Clin Med Phys, 2016, 17(4): 15-24.

[16] & k3, % EH, T XK, F. REAR A CBCT B it ik £
S AT[T]. 5= A e 2 &, 2018, 33(8): 31-34.

LIQR, CHEN J X, DING D Q, et al. Analysis of registration error of
CBCT image of lung cancer by different personnel[ J|. The Practical
Journal of Cancer, 2018, 33(8): 31-34.

[17] s, WM, Mokt . EAFik Synergy Arik % XVI £ %4 CBCT 42

B 3k R AALR GG R Z AT RLT ] P AR F 4, 2014, 23(5):
433-436.
XU S K, YAO WY, LIN C G. The study of error in the head and neck
phantom using the X-ray volumetric image system of Elekta Synergy
accelerator with CBCT[J]. Chinese Journal of Radiation Oncology,
2014, 23(5): 433-436.

[18] FU W, YANG Y, YUE N J, et al. Dosimetric influences of rotational
setup errors on head and neck carcinoma intensity-modulated radiation
therapy treatments[ J ]. Med Dosim, 2013, 38(2): 125-132.

[19] B4, ik, RIEAR, 5. PR E B 7 XA SR IE AT & 69 52 )

[J]. MR 5 3% 97, 2019, 32(1): 67-71.
XUE Q, LU W, ZHANG Y J, et al. Application of different
immobilization techniques in cone beam CT-guided radiotherapy for
nasopharyngeal carcinoma [J]. Journal of Cancer Control and
Treatment, 2019, 32(1): 67-71.

[20] &%, xR, #2422, 5 4B R CT & 0B & A AL B 2 o X3

FLIR £ W B aE AT [T]. F B F 5B UK S 4 &, 2017, 23(6):
550-554.
LIQ, LIU K, XIE H Q, et al. Analysis of setup errors detected in cone
beam computed tomography using two different immobilization
techniques for nasopharyngeal carcinoma [J]. Chinese Journal of
Otorhinolaryngology-skull Base Surgery, 2017, 23(6): 550-554.

(%h#k %0 2)



